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Abstract

Dewi, W.S., H. Widijanto and S. Nofi antoro, 2018. The potential of pineapple rotations to improve chemical 
properties of ultisols. Bulg. J. Agric. Sci., 24 (1): 99–105

Planting pineapple monoculture and continuously can decrease the nutrient availability of Ultisols. Crop rotation is po-
tential to solve the problem of nutrient availability. The aim of the research is to study the potential of pineapple rotation with 
cassava and King grass in improving chemical properties of Ultisols. The study was conducted in pineapple plantation of Great 
Giant Pineapple Company, Lampung, Indonesia using a survey method in three types of pineapple rotation: pineapple without 
a rotation basis (P-P), pineapple rotation with cassava (P-C), and pineapple rotation with King grass (P-K). Soil sampling at 
depth 0-30 cm and each location are taken 5 points as replication. Chemical characteristic observed include carbon organic, 
exchangeable Al, soil pH, total nitrogen, available P and K. The result showed that P-C and P-K could increase carbon organic, 
soil pH, nutrient availability and also decreased exchangeable Al. P-K showed the better potential in improving chemical 
properties of Ultisols. It increasing carbon organic, soil pH, total nitrogen, available P and K respectively up to 1.56%; 4.92; 
1.18 g kg-1; 8.18 mg kg-1; 223.2 mg kg-1 and also decreasing exchangeable Al up to 0.52 cmolc/kg. P-K is potential to increase 
pineapple productivity. 
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Introduction

Pineapple is widely cultivated in Ultisols. Some chemical 
properties of Ultisols are low pH, high Al, Fe and Mn satura-
tion, low base saturation and low organic matter content (Pra-
setyo et al., 2001). Great Giant Pineapple Company is one of 
largest pineapple plantation companies in Indonesia with total 
area width of 32 000 hectares (Rahmat et al., 2013). Plant-
ing pineapple monoculture and continuously in Ultisols had 
an adverse impact on soil include: degrading soil fertility, in-
creasing pest and plant diseases (Liu et al., 2006; Xiong et 
al., 2015) and decreasing soil organic content (Martinez et al., 
2004; Zhong et al., 2014). The decreasing soil organic con-
tent had a negative impact on physical, chemical and biologi-
cal properties (Esmaeilzadeh and Ahanggar, 2014). The sig-
nifi cant role of soil organic matter in physical, chemical and 

biological properties include increasing soil pH, cation ex-
change capacity, nutrient availability, water holding capacity, 
and improving population and activity of soil microorganism 
(Ibeawuchi et al., 2015; Fageria, 2012; Chauhan et al., 2014). 

Crop rotation is an alternative to increasing soil organic con-
tent, improve soil structure and soil quality (Liu et al., 2006; 
Ball et al., 2005). Crop rotation is more effi cient to increase the 
yield compared monoculture system and also can improve soil 
productivity (Varvel 2000; Nevens and Reheul, 2001). Crop ro-
tation plays a signifi cant impact on soil health include: increas-
ing plant nutrient and water use effi ciency and disrupting pest 
and plant disease life cycles (Carter et al., 2003).

However, there is not much research or information re-
lated to the potential of pineapple rotation with various plants 
in improving soil fertility, especially on Ultisols. Pineapple 
rotation with King grass is possible to improve soil fertility 
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caused the grassland system can increase soil organic content 
and nutrient availability (Rumpel et al., 2015). According to 
Geren and Kavut (2015), King grass is a fast growing plant 
and can adaptation on varieties of land condition. Grass cul-
tivation had a real impact on the environment and becomes 
a problem solution of agriculture productivity (Nan, 2004). 
Meanwhile, pineapple rotation with cassava also can be an al-
ternative. Cassava has big potential to be food, feed, and raw 
material of bioindustry (Echebirir dan Edaba, 2008). Cassava 
is essay adaptation in a various agroecological condition such 
as dry climate and marginal land (El-Sharkawy, 2012). 

The aim of the research is to study the potential of pineapple 
rotation with cassava and King grass on improving soil chemi-
cal properties of Ultisols, especially on the content of organic 
carbon, exchangeable Al, soil pH and nutrient availability.

Material and Methods

Study Area
The research was conducted in pineapple plantation of Great 

Giant Pineapple Company, Lampung, Indonesia (4° 49′23.1″ S 
105°16′06.3″ E) (Figure1). Location at an altitude 32 m above 
sea level, the elevation is between 0-2%, the annual rainfall dur-

ing last 30 years is 2394.24 ± 485.936 mm year-1. The soil types 
of location is Ultisols with pH between 4.19 – 4.93, organic 
carbon 0.71 – 1.16%, exchangeable Al 0.55 – 2.04 cmolc/kg, 
total soil nitrogen 0.80 – 1.10 g kg-1, available P 5.82 – 11.94 mg 
kg-1, K 26.90 – 369.93 mg kg-1, Ca 23.47 – 164.58  mg kg-1, Mg 
3.66 – 67.39 mg kg-1, Na 6.66 – 12.90 mg kg-1, Base Saturation 
19.63 – 30.22%, Cation Exchange Capacity (CEC) 2.35 – 2.88 
cmolc/kg (Table 1).

Fig. 1. Map of observation area

Table 1
Soil chemical characteristic of Ultisol in Lampung
pH H2O 4.19 – 4.93
pH KCl 3.62 – 4.10
Organic Carbon (%) 0.71 – 1.16
Exchangable Al (cmolc/kg) 0.55 – 2.04
Total Nitrogen (g kg-1) 0.80 – 1.10
P (mg kg-1) 5.82 – 11.94
K (mg kg-1) 26.9 – 369.93
Ca (mg kg-1) 23.47 – 164.58
Mg (mg kg-1) 3.66 – 67.39
Na (mg kg-1) 6.66 – 12. 90
Base Saturation (%) 19.63 – 30.22
CEC (cmolc/kg) 2.35 – 2.88
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Soil Sampling and Laboratory Analysis
The Research using survey method in three types of pineap-

ple rotation: pineapple without a rotating basis (P-P), pineapple 
rotation with cassava (P-C), and pineapple rotation with King 
grass (P-K). P-P is continuously pineapple monoculture system 
and fruit harvested on 18 month age. When harvesting, only its 
fruit is taken, and the plant allowed to re-growth. P-C is cultiva-
tion cassava after pineapple harvesting. The growing time of 
cassava is ten months, after that followed by pineapple replant-
ing. P-K is farming King grass after pineapple crop. The King 
grass is allowed to grow for 24 months, and once every three 
months the pruning is done. During pruning, there are many 
grass residues left in the soil. Those all three types of rotation 
are applied 25 ton ha-1 of cow dung compost before planting. 
Particularly on P-C and P-K, fi ve tons of pineapple plant residue 
also incorporate when soil retillage before planting. Pineapple 
compost contains 678.6 g kg-1 organic matter, 10.75 g kg-1 total 
nitrogen, 0.83 g kg-1 P2O5 and 11.4 g kg-1 K2O (Liu et al., 2013).

Soil samples collected from a depth of 0-30 cm. At each 
site, soil samples taken at fi ve different points as replicates, 
so there were 15 soil samples.

Laboratory analysis was conducted in Central Labora-
tory of Great Giant Pineapple Company, Lampung, Indone-
sia, and Soil Chemical and Fertility Laboratory, Faculty of 
Agriculture, Sebelas Maret University. Before analyzed, soil 
samples were air dried, sieved through 2 mm and 0.5 mm 
size. Parameters observed include organic carbon, exchange-
able Al, soil pH, total soil Nitrogen, available P and K. Mea-
surement of organic carbon using Walkley-Black method, 
exchangeable Al (HCl titration method), and soil pH H2O 
and KCl (1:2.5 ratio of soil: water). Total nitrogen was deter-
mined by the Kjeldahl method, available P (Bray 1 method), 
while available K was determined by fl ame foto meter and 
ammonium acetate saturated method (Tan, 2005). 

Statistics Analysis
The comparison of chemical properties between loca-

tions was analyzed using T-test, while the correlation be-

tween parameters using Pearson’s correlation test with SPSS 
16 software (Abua et al., 2016).

Results and Discussion

Rotation effect on organic carbon
Organic carbon refl ects the content of soil organic matter, 

and it is essential for water holding, supplying and retaining 
nutrients (Grigal, 2000). Pineapple rotation could increase 
soil organic carbon signifi cantly (p < 0.05). Organic carbon 
was higher in P-C and P-K than P-P (Table 2). The values of 
organic carbon are 1.39%, 1.56%, dan 0.99% respectively 
for P-C, P-K, and P-P. The addition of pineapple biomass 
chopping that given at the beginning of soil tillage in rota-
tion system is thought to increase soil organic carbon. Liu et 
al., (2013) reported that the pineapple plant biomass contains 
232 g kg-1 organic matter and it will increase soil organic 
carbon when applied in soil. Meanwhile, organic carbon was 
higher in P-K than P-C (Table 2). That might be due to the 
contributions of the litter remains or litter fall at the time of 
pruning once in 3 months, and some of the dead grass roots 
during the growth phase. Plant residues in the soil will be 
decomposed by the microbe and can increase soil organic 
carbon (Xu et al., 2006; Aminiyan et al., 2016). Besides that, 
the grass had a dense root system so that the dead roots can 
be the source of carbon in the soil (Zhou et al., 2012).

Rotation effect on exchangeable Al
The acid soil contained exchangeable Al (Prasetyo et al., 

2001) as one of the limiting factors in agricultural produc-
tion (Abreu et al., 2003). Rotation of P-K could decrease 
exchangeable Al signifi cantly (p < 0.05), and there is no 
signifi cantly different between P-C and P-P (p > 0.05).  Ex-
changeable Al was lowest in P-K (0.52 cmolc/kg), followed 
by P-C (1.75 cmolc/kg) and P-P (1.83 cmolc/kg) (Table 2). 

Decreasing of exchangeable Al was negatively correlated 
(r = -0.67) with the increasing of soil organic carbon (Figure 
2). The decomposition product of organic residues in P-K 

Table 2 
Chemical properties of soil in the location observed
Parameters Pineapple-Pineapple (P-P) Pineapple-Cassava (P-C) Pineapple-King Grass (P-K)
Organic Carbon (%) 0.99 ± 0.0.12 a 1.39 ± 0.06 b 1.56 ± 0.14 c
Exchangeable Al (cmolc/kg) 1.83 ± 0.14 b 1.75 ± 0.15 b 0.52 ± 0.11 a
pH H2O 4.30 ± 0.09 a 4.54 ± 0.06 b 4.92 ± 0.06 c
pH KCl 3.85 ± 0. 12 a 4.04 ± 0.09 b 4.48 ± 0.11 c
Available P (mg kg-1) 5.13 ± 0.67 b 4.14 ± 0.30 a 8.48 ± 1.22 c
Total Nitrogen (g kg-1) 0.97 ± 0.05 a 1.10 ± 0.04 b 1.18 ± 0.07 b
Available K(mg kg-1) 64.49 ± 13.20 a 111.81 ± 23.96 b 223.20 ± 29.58 c

Note: The average value in the same row followed by the same letters shows not signifi cantly difference in T-test at the confi dence interval of 95%
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and P-C release of organic acid forms a chelate with ex-
changeable Al.  Organic acids were detected during decom-
position of organic matter (Kumari et al., 2008). Application 
organic acid to soil can decrease exchangeable Al and in-
crease soil pH (Yang et al., 2013; Winarso and Taufi q, 2011). 
Meanwhile, the lowest exchangeable Al in P-K might be due 
to the compact rooting system of grass that produces root 
exudates such as organic acid. Some plant types can secrete 
organic acids such as fulvic acid, citrate acid, and oxalate 
acid than can chelate toxic substance such as Al (Schoetteln-
dreier, 2001; Azura et al., 2011; Keshav et al., 2013).

Rotation effect on soil pH
Soil pH is an indication of the acidity or alkalinity of soil 

and affects physical, chemical and biological soil properties 
(Moht-Aizat et al., 2014). Crop rotation could increase soil pH 
signifi cantly (p < 0.05). Soil pH was highest in P-K (4.92), and 
signifi cantly different with P-C (4.52) and P-P (4.30), whereas 
pH KCl is 4.48, 4.04, and 3.85, respectively (Table 2). The 
increase of soil pH negatively correlated (r = -0.92) with the 
decreased of exchangeable Al (Figure 3). Al fi xation by or-

ganic acid from organic matter decomposition and grass root 
exudate affect the increase of soil pH. Al is a major supplier H+ 
ion in acid soil which makes low soil pH (Winarso and Taufi q, 
2011). Organic acid in acid soil would chelate source of soil 
acidities such as Al and Fe thereby increasing soil pH (Drouil-
lon and Merckx, 2003; Tsado et al., 2014; Desta, 2015). 

Rotation effect on available P
Available P is a signifi cant limiting factor for crop pro-

duction on acid soil especially Ultisols due to high P fi xation 
by Al and Fe (Hoberg et al., 2005). Rotation of P-K could 
increase available P signifi cantly (p < 0.05), but P-C rota-
tion decreased it signifi cantly (p < 0.05). The available P was 
highest in P-K (8.48 mg kg-1) while in P-C is the lowest (4.14 
mg kg-1) (Table 2). The increased of available P was posi-
tively correlated (r = 0.79) with increased soil pH (Figure 4). 
Al is a major supplier H+ ion in the acid soil which makes 
low soil pH (Winarso dan Taufi q, 2011). Besides that, Al and 
Fe strongly absorb P as Al and Fe-phosphate (Abolfazli et 
al., 2012). The secretion of organic acids from organic mat-
ter decomposition and root grass exudate was the primary 
mechanism for enhancing soil pH and soil available P (Tsado 
et al., 2014; Desta, 2015). Yang et al. (2013) reported that 
addition of organic acid to soil affect decreasing Al content 
followed by improving phosphorus availability.  Cultivation 
of Congo grass increased available P due to decreasing P 
fi xation by root exudates (Rosolem et al., 2014). Meanwhile, 
the lower available P in P-C is due to signifi cant absorption 
of P by cassava thereby decreasing available P in soil. Cas-
sava needs an enormous amount of P to create the root tubers 
(Ispandi, 2003). Howeler (2002) suggests that cassava needs 
13.6 kg ha-1 P to grow optimally until harvest. 

Rotation effect on total nitrogen
Plant growth needs nitrogen in signifi cant amount (Lupi 

Fig. 2. Correlation between organic carbon 
and exchangeable Al (n = 15)

Fig. 3. Correlation between exchangeable Al and soil pH 
(n = 15)

Fig. 4. Correlation between soil pH and available P 
(n = 15)
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et al., 2013). Pineapple rotation could increase total soil ni-
trogen signifi cantly (p < 0.05). Total nitrogen was the high-
est in P-K (1.18 g kg-1), followed by P-C (1.10 g kg-1), and 
P-P was the lowest (0.97 g kg-1) (Table 2). The increasing 
of total soil nitrogen positively correlated (r = 0.83) with 
the increasing of soil organic carbon (Figure 5). Total soil 
nitrogen is determined by the amount and conditions of 
soil organic matter (Anggria et al., 2012). Pineapple plant 
biomass, grass residues and the dead roots of grass contrib-
ute the soil organic carbon thus increase total soil nitrogen 
(Kaleeem-Abbasi et al., 2015). Organic matter decomposed 
by soil microorganism to converse organic nitrogen (protein 
and amino acids) to inorganic (NH4

+ dan NO3
-) that available 

to be absorbed by the plant (Wijanarko, 2015; Usman et al., 
2016). Meanwhile, the highest total soil nitrogen in P-K is 
affected by the compact rooting system of grass is thought 
to be a good medium for benefi t soil microorganism (Huang 
et al., 2014). Azotobacter sp. is one of free nitrogen fi xers 
that life in the rhizosphere and helps to increase soil nitrogen 
(Jnawali et al., 2015).

Rotation effect on available K
The leaching of plant nutrients such as nitrogen and 

potassium is a major problem in agricultural management 
(Wagner de Oliveira et al., 2002). Pineapple rotation could 
increase available K signifi cantly (p < 0.05). The available 
K from the highest to the lowest was P-K (223.20 mg kg-1), 
P-C (111.81 mg kg-1), and P-P (64.49 mg kg-1), respectively 
(Table 2). The increasing of available K positively correlated 
(r = 0.86) with increasing soil organic carbon (Figure 5). Soil 
organic matter is the supplier of soil nutrients (Grigal, 2000). 
The decomposition of soil organic matter would release soil 
nutrient such as N, P, K (Fageria, 2012). The highest avail-
able K in P-K related with compact root grass system as the 
substrate for K solubilizing soil microorganism associated 

with the abundant amount of organic acids (Wang et al., 
2000). The existence of soil solubilizing microorganism in 
rhizosphere can help release K (Lian et al., 2008).

Conclusion

Pineapple rotation with King grass showed the highest 
increase N, P, K availability than the rotation with cassava 
and without a rotating basis. The increasing soil macronutri-
ents availability related with decreasing of exchangeable Al 
and increasing of soil organic C and pH. Rotation of pine-
apple with King grass recommends as an alternative pine-
apple cropping system to improve soil chemical properties 
in Ultisols.

Acknowledgements
The author’s thanks Mr. Priyo Cahyono and Great Giant 

Pineapple Company that facilitated this research.

References

Abolfazli, F., A. Forghani and M. Norouzi. 2012. Effects of phos-
phorus and organic fertilizers on phosphorus fractions in sub-
merged soil. Journal of Soil Science and Plant Nutrition, 12 
(122): 349-362. 
https://doi.org/10.4067/S0718-95162012000200014

Abreu, Jr., C. H Muraoka and A. F. Lavorante. 2003. Exchange-
able aluminum evaluation in acid soils. Scientia Agricola, 60 
(3): 543-548. 
https://doi.org/10.1590/S0103-90162003000300020

Abua, M. A., C. O. Iremoko and E. I. Igelle, 2016. Assessment of 
soil properties under shifting cultivation system of farming in 
Afi kpo North Local Government Area of Ebonyi State, Nigeria. 
Greener Journal of Agricultural Sciences, 6 (10): 294-303.

Aminiyan, M. M., A. Akbar, S. Sinegani and M. Sheklabadi. 
2016. The effect of zeolite and some plant residues on soil or-
ganic carbon changes in density and soluble fractions : Incuba-
tion study. Eurasian Journal Soil Science, 5 (1): 74-83.

Anggria, L., A. Kasni and S. Rochayati. 2012. Effect of organic 
matter on nitrogen mineralization in fl ooded and dry soil. Jour-
nal of Agricultural and Biological Sciences, 7 (8): 586-589.

Azura, E., J. Shamshuddin and C. I. Fauziah. 2011. Root elon-
gation, root surface area and organic acid by rice seedling under 
Al and H+ stress. American Journal of Agricultural and Bio-
logical Sciences, 6 (3): 324-331.

Ball, B.C., I. Bingham, R.M. Rees, C.A. Watson and A. Litter-
ick. 2005. The role of crop rotations in determining soil struc-
ture and crop growth conditions. Canadian Journal of Soil Sci-
ence, 85 (5): 557-577. 
https://doi.org/10.4141/S04-078

Carter, M. R., H. T. Kunelius and J. B. Anderson. 2003. Produc-
tivity parameters and soil health dynamics under long term 2 year 
potato rotation in Atlantic Canada. Soil Till Res, 72: 153-168. 

Fig. 5. Correlation between organic carbon with total 
soil nitrogen and available K (n = 15)



104 Widyatmani Sih Dewi; Hery Widijanto; Setio Nofi antoro

https://doi.org/10.1016/S0167-1987(03)00085-0
Chauhan, R.P., K.R. Pande and S. Thakur. 2014. Soil proper-

ties affected by land use systems in Western Chitwan, Nepal. 
International Journal of Applied Sciences and Biotechnology, 
2 (3): 265-269. 
https://doi.org/10.3126/ijasbt.v2i3.10660

Desta, H.A., 2015. Reclamation of phosphorus fi xation by organic 
matter in acidic soils. Global Journal of Agriculture and Agri-
cultural Sciences, 3 (6): 271-278.

Drouillon, M and R. Merckx. 2003. The role of cotric acid as a 
phosphorus mobilization mechanism in highly P-fi xing soils. 
Gayana Botánica, 60 (1): 55-62. 
https://doi.org/10.4067/S0717-66432003000100009

Echebiri, R.N and M.E.I Edaba. 2008. Production and utilization 
of cassava in Nigeria: prospects for food security and infant nu-
trition. Productivity Agriculture and Technology, 4 (1): 38-52.

El-sharkawy, M.A.E. 2012. Stress-tolerant cassava: the role of 
integrative ecophysiology-breeding research in crop improve-
ment. Journal of Soil Science, 2: 162-186.

Fageria, N.K., 2012. Role of soil organic matter in maintaining 
sustainability of cropping systems. Communications in Soil 
Science and Plant Analysis, 43 (16): 2063-2113. 
https://doi.org/10.1080/00103624.2012.697234 

Geren, H and Y.T. Kavut, 2015. Effect of different plant densi-
ties on the yield and some silage quality characteristics of giant 
king grass (Pennisetum hybridum) under mediterranean climat-
ic conditions. Turkish Journal of Field Crops, 20 (1): 85-91.

Grigal, F.F and E.D. Vance, 2000. Infuence of soil organic matter 
on forest productivity. New Zealand Journal of Forestry Sci-
ence, 30 (1): 169-205. 

Hoberg, E., P. Marschner and R. Lieberei. 2005. Organic acid 
exudation and pH changes by Gordonia sp. and Pseudomonas 
fl uorescens grown with P adsorbed to goethite. Microbiological 
Research, 160: 177-187. 
https://doi.org/10.1016/j.micres.2005.01.003

Howeler, R.H., 2002. Cassava Mineral Nutrition and Fertilization. 
CIAT Regional Offi ce in Asia, pp. 115-147.

Huang, X.F., J.M. Chaparro, K.F. Reardon, R. Zhang, Q. Shen 
and J.M. Vivanco. 2014. Rhizosphere interactions: root exu-
dates, microbes, and microbial communities. Botany, 92 (4): 
267-275. 
https://doi.org/10.1139/cjb-2013-0225

Ibeawuchi, I.I., J.C. Obiefuna, R.A. Alagba, N.A. Okoli, M.O. 
Ofor, Emma-Okafor, L.C. Iwanyanwu, U.P. Nze and C.A. 
Peter-Onoh. 2015. Organic matter management for sustainable 
tropical crop. Journal of Natural Sciences Research, 5 (1): 153-
164.

Ispandi, A., 2003. P and K fertilization and time of application ef-
fect on cassava in Vertisol dryland.  Ilmu Pertanian, 10 (2): 
35-50 (Id).

Jnawali, A.D., R.B. Ojha and S. Marahatta. 2015. Role of Azo-
tobacter in soil fertility and sustainability-A review. Advances 
in Plants and Agriculture Reseach, 2 (6): 1-5. 

Kaleeem-Abbasi, M., M. Mahmood Tahir, N. Sabir and M. 
Khurshid. 2015. Impact of the addition of different plant resi-
dues on nitrogen mineralization-immobilization turnover and 
carbon content of a soil incubated under laboratory conditions. 

Solid Earth, 6 (1): 197-205. 
https://doi.org/10.5194/se-6-197-2015

Keshav, P.S., S. Shivesh, N.S. Kumar, S. Vasudha, T. Kirti and 
S. Sphoorti. 2013. Nature and role of root exudates: Effi cacy 
in bioremediation. African Journal of Biotechnology, 10 (48): 
9717-9724. 
https://doi.org/10.5897/AJB10.2552

Kumari, A., K.K. Kapoor, B.S. Kundu and R.K. Mehta. 2008. 
Identifi cation of organic acids produced during rice straw de-
composition and their role in rock phosphate solubilization. 
Plant Soil Environ, 54 (2): 72-77.

Lian, B., B. Wang, M. Pan, C. Liu and H.H. Teng. 2008. Micro-
bial release of potassium from K-bearing minerals by thermo-
philic fungus Aspergillus fumigatus. Geochimica et Cosmochi-
mica Acta, 72: 87-98. 
https://doi.org/10.1016/j.gca.2007.10.005

Liu, C.H., Y. Liu and C. Fan. 2013. The effect of composted 
pineapple residue returns on soil properties and the growth and 
yield of pineapple. Journal of Soil Science and Plant Nutrition, 
13 (2): 433-444.

Liu, X., S.J. Herbert, A.M. Hashemi and G.D. Zhang. 2006. 
Effects of agricultural management on soil organic matter and 
carbon transformation. Plant Soil Environ, 52 (12): 531-543.

Lupi C., H. Morin, A. Deslauriers, S. Rossi and D. Houle. 2013. 
Role of soil nitrogen for the conifers of the boreal forest: a criti-
cal review. International Journal of Plant and Soil Science, 2 
(2): 155-189.

Martinez, V., T.M. Zobeck and V. Allen. 2004. Soil microbial, 
chemical and physical properties in continuous cotton and in-
tegrated crop-livestock systems. Soil Science Society American 
Journal, 68: 1875-1884.

Moht-Aizat. A., M.K. Mohamd-Roslan, W.N.A. Sulaiman and 
D.S. Karam. 2014. The relationship between soil pH and se-
lected soil properties in 48 years logged-over forest. Interna-
tional Journal of Environmental Sciences, 4 (6): 1129-1140. 
https://doi.org/10.6088/ijes.2014040600004

Nan, Z., 2004. The grassland farming system and sustainable agri-
cultural development in China. Grassland Science, 51 (1978): 
15-19. 
https://doi.org/10.1111/j.1744-6961.2004.00003.x

Nevens, F. and D. Reheul, 2001. Crop rotation versus monocul-
ture; yield, N yield and ear fraction of silage maize at different 
levels of mineral N fertilization. NJAS – Wageningen Journal 
of Life Sciences, 49 (4): 405-425. 
https://doi.org/10.1016/S1573-5214(01)80026-9

Prasetyo, B.H., Suharta and H. Subagyo. 2001. Chemical and 
mineralogical properties of ultisols of Sasamba Area, East Ka-
limantan. Indonesian Journal of Agricultural Science, 2 (2): 
37-47.

Rahmat, A., Afandi, T.K. Manik and P. Cahyono. 2013. Penga-
ruh irigasi dan mulsa kulit singkong terhadap kadar air tanah 
serta pertumbuhan tanaman nanas. Jurnal Irigasi, 8(2): 99-114.

Rosolem, C.A., A. Merlin and J.C.L. Bull. 2014. Soil phosphorus 
dynamics ass affected by Congo grass and P fertilizer. Scientia 
Agricola, 7 (4): 309-315. 
http://dx.doi.org/10.1590/0103-9016-2013-0345

Rumpel, C., A. Crème, P.T. Ngo, G. Velasquez, M.L. Mora and 



105The Potential of Pineapple Rotations to Improve Chemical Properties of Ultisols

A. Chabibi. 2015. The impact of grasland management on bio-
geochemical cycles involving carbon, nitrogen and phosporus. 
Journal of Soil Science and Plant Nutrition, 15 (2): 353-371. 
https://doi.org/10.4067/S0718-95162015005000034

Schöttelndreier, M., 2001. Organic acid exudation by wild herbs 
in response to elevated Al concentrations. Annals of Botany, 87 
(6): 769-775. 
https://doi.org/10.1006/anbo.2001.1405

Tan, K.H., 2005. Soil Sampling, Preparation, and Analysis, Second 
Edition. Taylor & Francis Group. CRC Press.

Tsado, P.A., B.A. Lawal, P.C. Eze, C.A. Igwe, C.C. Okolo and 
M. Tswanya, 2014. Phosphate mobilization by addition of or-
ganic acids in two soils of the Nigerian Guinea Savanna. Asian 
Journal of Agriculture and Food Sciences, 2 (5): 434-441.

Usman, S., Y. Muhammad and A. Chiroman. 2016. Roles of soil 
biota and biodiversity in soil environment – A concise communi-
cation. Eurasian Journal of Soil Science, (EJSS), 5 (4): 255-265. 
https://doi.org/10.18393/ejss.2016.4.

Varvel, G.E., 2000. Crop rotation and nitrogen effects on normal-
ized grain yield in a long-term study. Agronomy Journal, 92: 
938-941.

Wagner de Oliveira, M., P.C.O Trivelin, A.E. Boaretto, T. Mu-
raoka and J. Mortatti. 2002. Leaching of nitrogen, potassium, 
calcium and magnesium in a sandy soil cultivated with sugar-
cane. Pesquisa Agropecuaria Brasileira, 37 (6): 861-868. 
https://doi.org/10.1590/S0100-204X2002000600016

Wang, J.G., F.S. Zhang, X.L. Zhang and Y.P. Cao. 2000. Release 
of pottasium from K-bearing minerals: effect of plant roots under 
P defi ciency. Nutrient Cycling in Agroecosystem, 56 (1): 46-52.

Wijanarko, A., 2015. Effect of organic matter and soil fertility on 
nitrogen mineralization and its uptake by cassava (Manihot es-
culenta crantz) in a typic hapludults. Journal of Experimental 
Biology and Agricultural Sciences, 3: 233-240.

Winarso, S and A. Taufi q, 2011. Aluminum exchangeable and 
phosphorous availability on ultisol using humic substance and 
synthetic. Journal of Tropical Soils, 16 (3): 18-190. 
https://doi.org/10.5400/jts.2011.16.3.183

Xiong, W., Z. Li, H. Liu, C. Xue, R. Zhang, H. Wu and Q. Shen. 
2015. The effect of long-term continuous cropping of black 
pepper on soil bacterial communities as determined by 454 py-
rosequencing. PLoS ONE, 10 (8): 1-13. 
https://doi.org/10.1371/journal.pone.0136946

Xu, J.M, C. Tang and Z.L. Chenb. 2006. The role of plant resi-
dues in pH change of acid soils differing in initial pH. Soil Biol-
ogy & Biochemistry, 38: 709-719.

Yang, S., Z. Zhang, L. Cong, X. Wang and S. Shi. 2013. Effect of 
fulvic acid on the phosphorus availability in acid soil. Journal 
of Soil Science and Plant Nutrition, 13 (3): 526-533. 
https://doi.org/10.4067/S0718-95162013005000041

Zhong, S., Y. Mo, G. Guo, H. Zeng and Z. Jin. 2014. Effect of 
continuous cropping on soil chemical properties and crop yield 
in banana plantation. Journal of Agricultural Science and Tech-
nology, 16 (1): 239-250.

Zhou, Y., Z. Pei, J. Su, J. Zhang, Y. Zheng, J. Ni, C. Xiao and 
R. Wang.  2012. Comparing soil organic carbon dynamics in 
perennial  grasses and shrubs in a saline-alkaline arid region, 
Northwestern China. PLoS ONE, 7 (8). 
https://doi.org/10.1371/journal.pone.0042927

Received July, 20, 2017; accepted for printing January, 16, 2018 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


